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By Os Me Schans? aes 


mvmoDverton 


: ‘This paper Te one ‘of a series exenared by the areee of Mines and 
deals with the Montreal ming, one of only two active properties. in Wisconsin on 
the Penokse~Gogebic range. 


-? fhe purpose of this. meses 43 to asgeribert the eendv tions: of Occurrence 
of iron ore in a particular property and to present sufficient details of equip~ 
mént and production methods to convey to the es erele a correct idea 
of the mining practice. 
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"The: property of the Montreal Mining Co., known as the Montreal mine, 
is located on the Wisconsin end of the Gogebic range» ©The west branch of the 
Montreal River crosses the property, 3/4 mile west of thé east boundary line. 


Iron ore, in the form of hematite, was. aia coversd within, ‘the recent 
property limits in 1885. The late E. W..Oglebay of Cleveland, was active on. the 
range at the time and became interested in the first efforts to produce ore from 
the new discovery by means of a small opén pit. . The Montreal Mining Co. was 
organized in 1894 and under the management of Oglebay,: Norton & Co. of Cleveland 
has increased its holdings to embrace es miles of the iron formation. 


The growth of the proper ty to a production saaeety in excess of a 
million tons of ore per year has been steady ahd uninterrupted, except. in the 
year 1921. The history of exploitation may be conveniently divided into. three 
periods, ace these overlap too mach to be eecetty defined. 


1 ~ The Basen. ‘of Mines will welcome secomntine of this paper, provided the 
- following footnote acknowledgnent is used: “Reprinted from U. § Bureau of 
Mines Information Circular 6369." 
2e- One of the consulting eee Ue Be urea si Mines. 
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The first period covered tne years 1886 to 1912, during which time 
3,500,000 tons were produced. The first underground mining was carried on through 
mumerous vertical shafts at isolated sr~ts along the strike. As the workings 
became more extensive and it became knuwn that the ore persisted in depth, 
shafts were sunk on the quartzite footwall and followed its irregularities to. 
considerable depth. At the close cf this period there were two working shafts on 
the west end of the property called. the Montreal mine and two shafts on the east 
end of the property called the Ottawa mine. ‘All ‘equipment was steam operated 
during this period. Opemstope and roomand~pillar mining methods were used. 


The second period covered the years 1912 to 1929, during which 
12,000,000 tons of ore were produced. This period was marked by completion of a 
central shop building and two 5~compartment steclelined, inclined shafts in the 
quartz slates 300. feet south of-tne footwall. These shafts replaced the four 
old shafts and Were. operated. independently: as the. Montreal and oeren minese | 


The Montreal shaft was steam equipped for a capacity of 2,000 tons per 
day from a maximum depth. of 4,000:feet» The, Ottawa shaft was. clectrically 
equipped throughout for a. capacity cf.1,000 tons ‘per day from.a maximum depth of 
5,000 feet. At the time of. the re~equipment,. the. Montreal mins. mas. at @ neepes var 
1,500 feet, the Ottawa at’ 1,CO0O feet. fe 8 Hee) 


During the early part of the second period the vicehntenis of the 
great longitudinal or bedding fault became known. It was realized that con- 
ditions favorable to ore denosition in the "foot formations existed in the 
"hanging" formations in’ displaced positions. Systematic exploration on this . 
theory exposed the ore bodies, and 45 per cent of the production of the property 
has been frem the "hanging" since their discovery. 


: _ & comprehensive geological study. in 1920 revealed pessibilities of 
greater: ore bodies at depth. An exploration program confirmed the geological de- 
Guctions and determined the lateral limits of the ore to a considerable. depth. — 
There followed a study of deep mining, of which the primary question was whether 
or net a shaft at each end. of the property should be.continued or a new shaft 
should be sunk to. handle, the. total paeetoe from the proper tys Ee oy 


"the ‘determining. factors in favor St. a. new shaft vere eibeuabaes in the 
vicinity of the Montreal. shaft and the fact that at the center of the property 
was a block of unexplored. grouni.into.which the Montreal ore bodies were pitching. 
Subsidence has” ‘not affected the Montreal shaft as yet but is in evidence over a 
large area immediately west..of the shaft, north of the footwall. - There has been 
no movement south of the footwall, ‘but with. increased ore areas ‘ae much greater 
depth buckling of the. protons slates may Cee Eahyat: 2 


In recent yoare a yertiéal shaft, "Tecated ssutraiiy and ehate it ‘would 
be-unaffected by subsiderice, “has been sunk to..a depth of 3,000 feet and — 
electrically equipped to handle the total tonnage: from the property. Connections 
from this shaft fo thé underzround workings are now comoleted, and the mine is 
éntering the third period of operations. with | one central hoisting shaft and two - 
auxilliary shafts for handling men and materials. The average ‘vertical depth of 
mining is 2,000 feet; the deepest mining is 2,550 feet. 
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Figure 1.— Plan of main level 
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Throughout this period on the east ‘end of the dec ent an overhand 
open-stope method of mining has been used. On the west end of the property the 
roomand-pillar method was sw. xlanted by cmte caving, which was followed by sub- 
level caving into branch raises. Upon development of the slusher, sublevel 
caving was continued without branch raises. 


The Montreal mine has bsen and still is a property of large ore 
reserves divided into comparatively small ore bodies scattered over a great ex- 
panse of territory. FPisure 1, a plan of the 27th level, is an average horizon- 
tal section through the property. 


Conditions of ore occurrence in the past may be further explained by 
the following records: 


0.4 ton ore mined ner square foot explored footwall area 
4.0 tons ore mined per square foot developed footwall area 


| ‘The great amount of exploratory and development work, shaft, hoisting, 
and equinment expense in the past has been the principal factor in aot eons 
the economical production rate from the property. 


GEOLOGY OF MONTREAL MINS 


The "{ron formation" consists of a series of sedimentary rocks, the 
members of which are easily identified and are extremely regular both in strike 
and dip. Figure 2 shows the relative position ani thiclmess of the various 
members. a 


The generally accented theory of ore deposition is that "the enrich- 
ment has been accomplished by circulating waters through oxidation and hydration 
of the iron minerals, solution and removal of silica, and to some extent the 
transportation of iron from one part of the formation to another". In agreement 
with this theory, conditions most favorable to ore occurrence have been at the 
intersection of intrusive dikes with impervious members of the formation and in 
the neighborhood of cross faults, which break up the formation. 


The hard quartzite footwall and middle bami of Yale slates are in 
general the impervious members of the formation. The productive horizons are the 
Lower Plymouth, unpoer Yale, Norrie, and lower Pence. 


As a general rule the ore bodies are clean cut; there is no lagi 
belt from ore to the inclosing rocks. 

Three grades of ore are produced, a Bessemer, a non-Bessemer, and a 
manganiferous. No rule may be stated to show the relation between grade and 
location on the property, except that manganiferous ores are found in the 
Plymouth member in the eastern third of the property. 


The intrusive dikes fom, with the footwall, a trough in general pitch 
ing eastward at 20°. ‘The dikes are very regular and persistent throughout the 
property. | am, fo 

Cross faults are always present in the vicinity of ore. bodies. These 
fgults shatter the formation and usually have but small ar pneceuents 


The remarkable regularity and contimity of the members of the forma- 
tion have been disturbed by only one fault of importance, called the great 


@ 
3 - W. 0. Hotchkiss, Geology of Gogebic Range: Eng. and Min. (Joure, Sept., 1919. 
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longitudinal bedding cee: eich is as eee and dependable as the members of 
the formation. — | 


| | The lonei tudinal Eee foult has a throw of approximately 800 feet 

along: the strike and 500 feet along the dip of the bedding, the movement taking 
place throughout the property in the middle slates of the Yale member. ‘The fault 
zone varies in thiclmess fron inches to several feet and is generally easily 
recognized. The iron fomiation rorth and south of the fault zone is locally 
Seeteratee as “hanging" and "foot" formation respectively. 


Tie bedding fault movement hanpened after the dike intrusions. North 
of the fault zone the dikes have been moved eastward and upwards 


| PHYSICAL CHARACTERISTICS OF ORE AND INCLOSING ROCKS » 


There have been two modes of occurrence of ore in both the foot and 
hanging formations, the more immortant of which has been the irregularly shaped 
bodies lying in eastward kaos troughs - made by dikes and an impervious member 
of the formation (see fig. 2).- otner may be described as irregularly shaped 
a of ore following cross: aa to great heights above the dikes (see fig. 


All ore dips with the § deena, which avereges about 65°. Dike ore 
bodies pitch with the dike trough, usually east at 20°. Chimney ore bodies 
usually pitch westward at 80°. The cutlines of all ore todies are very 
irregular, due to cross-fault fracture zones and the tendency of the ore to 
"build up" or concentrate on impervious varts of the formation. Figure 2 shows a 
typical cross-section ee a = ore none cele ne up", in ge al footwall 
and dike. 


: Gross: faults are mmerous but ac not. dieplace the ore to 7 extent. 
Their effect is. to. ancreaser the prmeou aes ky of outline of the ore bodies. a 


The bedding favlt. occurred before the Soriation of the ore bodies but 
had the same effect as displacing the ore a distance equal to its throw. [t has 
been found that when foot and hanging ore-bearing dikes are in juxtaposition ore 
occurs from quartzite footwall through the fauit zone to the Pence slates. . 


. . he bulk of the. ore occurs in the Plymouth and Norrie members of the 
formation. When the Norrie carries ore in full width, the lower part of the 
Pence and upper part of the Yale members are usually ore bearing. 


The ore is medium soft and is drilled generally with auger drills. 
There are ribs of hard biue ore reouiring mounted hammer~type machines. None of 
the ore is free caving, although it” disintegrates repidly. Narrow ore bodies are 
eonaeneaey nee en as ore: epeeee. i : 


The swe oaine ae of the ore *podies eonciat of an underlying hard 
quartzite footwall, and overlying partly leached formations of Plymouth and 
Norrie mémbers. "the formation. of these members. is. similar, consisting of bends of 
very hard unaltered chert ipbeiakdacieiadl with bands of noeee eo material. 
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The bands of leached material form planes of weakness parallel to the 
bedding. At slightly less .than pevpeudicular to the dip of the bedding cross 
jointing occurs at resular. Antorvals about 12 inches gates These jointings 
form planes of wealnsss across: tne bedding. Loos 


In the wes u onde oz. the. Seoben | the seas of weakness in both 
directions axe. moch more provocr.ced. than: those: in the east end, and caving of 
the . Vcepoing! begins. goon artar the ore is taken out, except in chianeys where 
area of esp a" exoceed,. 18 small, The: aaved material’ consists: or angular 
blocks 3 to 24 anches in eAamesehs a small bese or ‘fines, and few larze blocks. 


“Tn ‘the east a ae. the ae the. ted ing is more: massive, and the 
planes of waalmess are hardly pesccatidle. “he capzring and walls of the ore 
bodies stand unbroken inde finitys Lys .In placés’whsré. ths ore has been umsually 
wice or where. the capping és (deen 1 eat. off. on hee? sides eeene occurs in very 
mae blocks.. pe | | : 


; To the above condi tions: Sq detioes of mining have beer adapted- 
sublevel - caving where the capping is’ weak and- Guethend sublevel pUCEene: wnere the i 
capping is strong ané stands or fo Pegs Pe | . | 


(GEYERAL TIiVvS PSCULIAR TO TS DIStRIcr 


The Gozebic range is a well-established mining center, having many ad 
vantages which may be cons idezed. ideale 


@ © @ © 6 # 


There isa Liberelity of thought on ‘the ranze. that encourages the 
interchange cf ideas among ‘the: operating cor: penles. es Acad 


. oa © © oe 


he climate is moderate. | aa 


Railroad trencportation is excel Lents The. range is 40 miles from 
Ashland, a Lake port. The bulk of iron ore from the, Lave. eens region is . i: 
shinred on the Great Lakes -to lower leke ports.: is pavigatjon is closed during 
winter it is general practice for underground mines to. stock sheir procuceron 
for five montns of the year... 3 Bee Ao Oa 


The jncustry is on friandily. relations with a good. class of labor for 
all branches of mining. — 


Tamber and miscellaneous supplies. are near.at hande 


Resular eqiinment 2 aged adopted a ease the Lake mere iron 
ore region. can be used here. 


Electric power is avail éble- in plentiful and depobtable, supply. 


Pumping is not a serious problem. 


e 
e . 
. 
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EXPLORATION 


Dikes have been such a controlling factor in ee: Jomiation of ore 
bodies that the first step in exnloration is the location of the dikes, .. This 
is usually done by drifting or crosscutting and by dianond drilling at depth. 
Diamond drilling is usually done in the Plymouth momber for "foot dikes" and 
Norrie member for "hanging dikes". Holes totaling over 20,000 feet have been 
put down. It is difficult and expensive work, as the lean formations are weggy- 
and very.abrasive, and richer spots cave reediJy. The last drilling was. a l, 000- 
foot holé and actually cost the contractor $12.00 per foot. : 
Diks ore bodies are so regular and contimous that their exact 
positions may be determinsd on succeeding levels without exploratory work. 


Chimney ore is found by following the. quartzite footwall in the foot 
formation and the upper slates of the Yale member in the hanging formation. | 
These horizons are the most favorable to ore deposition and it seldom happens 

hat ore occurs without showing in these horizons. Practically the wnole foot- 
wall and favorable territory in the hanging have been explored at intervals of 
200 fest along the dip. Uuproductive parts of the hanging are ern at 
regular intervals by crosscuts from the foot drifts. 


Fig. 4 METHODS OF SAMPLING AND ESTIMATION OF TONNAGHS 

HONTHSAL  ‘BANIZTON - ONTARTO 

Per cent . . Per cent. Per cent 
TYON: esses ce cttesieareees “60.00 60.05 54. 50 
PHOSDAOTUS ecccsesvesceve 045 #3;° e065 - 070 
Bil LCE: 24 seucicweeeoses See 7280 8.20 8.60 
Mangan€S© eesccccocccerce 40 250 5.00 
ALUMS DA: 6185s: 66:04 ow we 0ees 2000 1.65 © =1.40 
TAG. 55:60 bho seine Ma stereos aes 250 250 32 
Magnesia ecocerscseeee or 015 015 - 16 
Sulphur Seorecevecvecrsecer e e008 2008 . e010 
Loss by ignition ........ 510 3-46 4.70 
MOLSTULA cesccccrccccrece ~- a a nn 
Combined Fe & Mn ec..-sece = eo +} 89.50 


Figure 4 gives the analysis of the different grades of ore mined. 


Standard methods of sampling and preparing smnoies tending to elimi- 
nate the _— of the sampler, are in use on the property. (See Figs. 5 to 
11). he 


In the development of an ore body, ita ore is bicwled out so that 
enough trench samples may be taken across the formation to allow accurate 
estimate of thé analyses of the ore in place. Tonnage in dike -ore bodies is 
calculated by regular prism formla. 


The straight iron ores are graded on phospnorus and silica; the 
manganiferous ores on manganese and silica. The iron is usually acceptable as 
to grade in all ores if the silica is controlled. 
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‘The ‘underground. samp] ing for the control of ‘phosphorus and rn | 
is done on the. ore in place,. wita eras somple's as a° cha ck. | : 


ten t 


The uridexeround saimling for the control of etlica is done ty grab te 
samples of the broken dirt in the working place. 


Control samles are chécked by tromear samples. 


Ore is stocked in winter according to urderground control samples, but’ 
check samples of the stockpile are Racecar) and tocated to assist in the grading, 
in shipping seasone = pees 2 | ; 


The oré ig shipsed to ¢rs lake asae i '86-ton cars. The tonnage of | 
lakes cargoes ranges to a maximiza of 14,000 tons. . = 


Grading i's governed in shipping direct, “and from oe by cae 
of railroad cars ‘in o-car lots. es tn ke ; oS = ° | 


Due to the variation in analyses. of” ore that must ‘enter ‘one arade, a 
provision is made at the shipping dock to average the analyses. This is done by 
ecaceeace oe the last railroad cae to come a 6~car Loading pockete .. 

Samples are prepared ‘and analyzed ; on. the ‘property: ‘A 10, -000-.ton as 
cargo is represented. by 40. ce ak weighing Ly 400 pounds, taken ‘af | 4, 800. points : 
on railroad cars. 


METHODS OF DSVELOPLEXT 


a During the lest few ‘years there nave been ‘three shafts in operation. 
on. the property, two inci ined epproxinately paralleling the dip and one vertical. 
An attempt hes been made to male the level interval suit the conditions. At one 
shaft with comaratively large ore bodies close to the shaft the level interval — 
is 125 feet along the dip. for small ore bodies close .to the shaft, tne level 
interval has been 200 feet along tke din. fFor small ore bodies remote from the 
shart tne’ sever interval has. poen: 300 feet». ae - 


e 


RS In the Bes ck cemeitoke. ‘which is to be served oy one shaft, ‘the. level 
interval has been set at 165. feet along. the dip. : | i 


As tke position of the larger dike ore bodies is known, crosscuts 
from the shaft are directed to shorten transportation from them. These crosscuts 
are either rected track or Bangle igaes ‘passing: track. | 


“two plans of development « are used to open up the ore bodies | on - the 
property: : : eg ee 


ae = Re eseiceient for wide ore bodies ‘where the sublevel caving method | 
on. OF mining is used figs re, cat eae oa 


: a 


B. Development Por narrow ore bodied where overhand sublevel method 
of open stoping is used (fig.. 13). , 
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Development is simplified by the fact that the pesition and general 
outline o: the larger ore bodies are definitely known before they are attacksd. 
It is also of great advantage; with the smaller ore bodies, to have the ex- 
ploratory drifts by which they are located always on the foot side, the correct 
position for development. a 7 —_ 


‘DEVELOPMENT DETAILS 
Shafts - See Figures 14 and 15. __ | 


There are three. shafts on the property, two inclined in the slates, 
one vertical in the greenstone (diorite). The inclined shafts are located at 
4,600 and 10,000 feet from the west property line;. the vertical shaft is between, 
at 7,000 feet. oe _ 4 


The three shafts are similar in design (see fig. 16). All have five 
compartments, to accommodate one cages, -two skips, pipes and cables, and a. ladder 
road. In one inclined shaft, the skip roads are on the footwall plates, with the 
pipe and ladder ways over héad. In the other inclined shaft, the skip roads are 
on a subdivider with pipe and ladder ways underneath. © , a ee 


_... + he vertical shaft is lined with 6-inch H steel, 7=foot centers, with- 
out lath; the greénstone walls are gunited. The skiproads are inclosed with pre- 
cast concrete lath. The inclined shafts are lined with 6-inch H steel, 5-foot 
centers, and 3-inch tamarack plank in one, and precast concrete lath in the other. 


Cages — See Figures 17. 


Cages in the three shafts are double deck, 36 to 40 men are handled 
per trip, and provision is made to handle material on botn decks. The cage in 
the vertical shaft is fitted with chairs attached to the bottom and operated from 
the inside of the cage. All cages have safety catches. ~ 
Skip - See Figures 18 and 19. - ; | ' 

. ee Skips are self Gumping, generally Imown as the Kimberly tyne: Skips 
in the vertical shaft are fitted with safety guides to prevent boxes from tipping 
in the shaft. The skips in the inclined shafts have capacity of 5 long tons; 
skips, in vertical shafts hold 8 long tons. Chairs are used in loading the skips. 


Hoisting and Stocking - See Figures 20, 21, and 22. 


—_ Cages are hoisted unbalanced in inclined shafts. In vertical shaft, 
cage is balanced by ‘sectional cast-iron counter-weight running in 12-inch pipe. 
In unbalanced cage hoisting, single-drum hoists are used. In tne ‘vertical shaft, 
the hoist for balanced cage is a duplicate of the skip hoist, and may be used 
for replacement in case of bréakdown,:as there are two other cages in operation. 
Hoisting speeds for cages are 750 and 1,000 feet per mimte. Hoisting speeds 
for skips are 1,200, 2,000, and 2,500 feet per mimite. Both cage and skip hoists 
are equipped with speed control and overwind~prevention devices. 


Skips are operated in balances 
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Figure 18 —- Skip, vertical shaft 


No. 6 shaft,69°19' ! 
No. 4 shaft,62°30' ' | 
! 3/8-inch plate | 

( 


Figure 19.- No. 6 shaft skip 
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For rope capacity, ‘the ann is $07 use 10 foot dense drums with 
one cverlap. 


In sip hotgting, dn-ble dma and double clutch hoists are used, which © 
allow both drums to work fre on the chaft. 


1 1/4-inch and 1, 3/8-inch regular lay ropes, vith independent steel 
center, are usec. Tang ley rove’ is-used for overlapping at high speed. Non- 
spinning rcpe is used on counterrsignt. 


Spillage is defiectcd from both skip conmartments to a pocket in cage 
compartment, <A hinged door allows one skip to go turovgh for hoisting: 


Hoist drives are genred-intuct jon motors, first motion steam and 
direct-connected direct-currgnt movor. The cirect current motor is 230c kp., 
driven by a cO000-ky. syucnronous motur--gererator Bet. 


Ore hceisting at the two inclined siafts will te discontimed at an 
early date. The vertical shaft equinment is designed to handle four. grades, 
totaling 1,000,000 tons per year. 7 ee : 


For stocking total production at: vertical shaft 16-ton lorry cars, 
with remote cont rol, and single-log permanent trestle are se cal 
Comressed ALE 

eapeoaeed: air is fu “pananae by three 2-stage compressors with after 
coolers; aeaie city of comressors is 7,090 cubic feet free air per mirute to 100 
pounds pressure. Air is conveyed underground torovzh a €-inch pipe in each 
soaft.e <A 6-inch line on surface comiscis recsivers at each shaft. Four-inch 
lines are taken cff frcia main line? at the levels. Pressure at working faces is 
90 to 95 pounds. ‘who Gistritation is sectiontlized by valvese.- A man at each. 
shaft is heid responsible for chut ting off all valves between shifts, excopt 
vnose left opsn ee TSCuCSte - : me te pe at : 
Vater Sunply | | . “x 

Water for acirkinzg is piped from ny mainse To avoid high pressure 
constant flow is maintained with bresk in lines on. intermed.iaie levels. Water 
for drilling, etce, is piped from undsrg ground sources, recy ci ng valves being | 
used, . . 


Loins ‘Shaft sabes pocleis, kanes sink iets er pur corr are “bright 
ly lighted. Main levels are lighted with 50-watt lazps at 40 foot intervals. 
On the sublevels of the subievel caving methcd there is a 5C-watt lamp at the 
top of each raise beinz uscd. Cee faces are Lighted by Lamp and protective 
reflector on extension ccerd. : 


Alternating current is replacing diréct current for lighting. 


Two-hour carbide lamps are in general use. The ccompary furnishes 
carbide. . , Ae. Bde a 


W 
Power Ble ere és power. is used. throv enout the property for all work except. 


hoisting ore at one shaft. It is brought to the property by a cormercial power 
company from two independent sources, over :33,000-volt lines. It is delivered 
to the mining company at 2,300 volts. All large motors on the property tale 
power at 2,300 volts. 
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Direct current is supplied by two motor-generator sets on surface, and 
two rotary converters underground. Automatic reclosing circuit breakers are — 
used on). C. feederse ry .-. - : 


Drilling Eouinrent 
7 Several rock-dvili.marufacturers commete in the field,-and they are 
depended upon to davelop equipment adapted to the: conditions. 


At the present tine the following aritting equipment is ¢ available for 
USC 7 ao = | 


35 = Acne water-hammer drills for main level ceiviatenas in 
Boreeerans aud hard lean formation rock. _ & 


oe g-inch water hammer drills for main level development 3 in _ 
pain nae formation and slates. 


6 - 3-inch. coe driiis for use. in hard ore developments 7 


el - hand-rotated etoping meee both wet and dry, for oe | 
: ene asi Ore Traisinge . . | 


Bs 56 Sound sinking ater names machines for — 


103 - 40-pound auger arilling ‘machines for development and min- 
ing in.ore. . m4 7 | 


Au1 machines are equipped with ‘Line oilers. | 7 


Regular practice is to use two machines - in all working places, except — 
raises and double-track crosscuts.e Rock drills are mounted on posts with arms. 
Auger machines are unmounted, one quarter of them are equipped with detachable 
feed legs (see fig. 23). - In double-trach crosscuts six machines, mounted on a 
drill carriage, are used (see fige 24). 7 


: One and one quarter—fnch round: hollow drill steel, yah Runsed, shank. 
aaa double taper (5 ~ 14 degrees) cross bit, made up in 10-inch runs with: :3/8 inch 
difference in gauge, is used for rock drilling. All drills bottom with 13-inch 
hole. . Auger steel and: 7/8-inch quarter octagon hollow steel with square shanks 
and collars are used in auger machines. S¢éven eighths-inch hollow and l-inch’ 
Bolid hexagon. steel with hexagon shanks and collars, are used in sinkers end 
stopers. 


Daily, 1,100 to 1,200 pieces of steel are sharpened to sunply the” 
machines in operation. About 40 tons of drill steel’are in use, and the annual 
consumption averages 40 tons, or 0.075 pound per ton ore mined. 


Mucking Equipment. 


Al] mocking ig. done with scraper and double drun,,. 2o0—Volt, De Ce 
electric slusher hoists. The mmber of units in operation depends upon the pro . 
portion of ore mined by See BuOD IDE and einencee CAN aRE: oo 
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SIDE ELEVATION 


Figure 29.— gps. sag car unil with slide 
and motor, used in driving double track crosscuts 


7-INCH DIAMETER 4-INCH DIAMETER 
Figure 30. — Cast-stesl sheaves used with 65-hp. slusher hoists 
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Figure 31.- Sinking arranyement below 27 level, No.5 shaft 
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“ithe téilowing equiprént ‘is: available: 
12 4 25-hp. hoists with 54-inch hoe-type scrapers (see fig. 25). 


ro BD 15-hp. hoists and 45-inch hoe-type, or 30-inch round~back 
box-type BOLO TS (seq fig. 26). . 


15 = 10-h:p. hoists and’ ‘30. Linch rourd-back boxwtype scrapers — 
 (figze 20% 


24 ~ Yk-hp. hoists and 30-inch (V--back box-type scrapers. - 
10 — portable car-loading slides (sce fig. 23). 
1 - 380-cu. ft. car unit with slide (sce Siz. 29). 


‘The 28-hp. hoists are used in joacing cars. ‘The other hoists are used 
in development and mining. Renairs on Teri) Hosts are PROTOS ENC aac! are be- 
ing replaced by pone hoists. | . | 


The portabie car-Loading slide is used: for Re ear res and 
crosscuts. The ¢S0- cubic =o cor and Slice is us ed for double track crosscut 
in greenstone. : Pt ae : 


Sixtee€minch cast-steel sheaves With ball bearings are used with 25- 
hp. hoists (see fig.:20). -Ten-inch: cast-steel sheaves with ball bearings are 
used on loading slides. Severn-inch cast-iron sheaves with graphite bronzé 
bashing are used in mining. Chesser construction is used on mining sheaves on 
account of loss. six-inch oer Byeer with bronze Se noaes ees ae used oe 
idler sheaves. - se 7 ee | 


cneft Simzing - sec Fi 31 ° 
ee eye — amen aft sinking is carried’ on under a pentice while the 


shaft is operating. The ABicen is to sink several runc.red feet for eaca set- 
up of equirment. The lest sinc in an inclined shaf} Was 625. oooh inthe — 
vertical shaft &50 Fqete . 24 ; : oe 


_ Sinking equipment consists. of ‘a geared single-drui ‘electric hoist with 
clutch for fest lowering. Cage or carriage - and bucket are fitted with safety | 
catches to prevent dropping in case rope breaks anc guards | to prevant bucket 
leaving caze or Carriages. - ae ; | 


* A . ‘ awh 


Mo 20-cvbic fcot buckets are used in hoisting reck. Three-quarter- 
inch and l-inch roves are attached to buckets with sockets, U strap, and safety 


pine 


Materials are handled in buckets. Mon ride on cage in vertical shaft 
sinking, in the bucket in inclined shaft sintinge 


In vertical shaft sinking buckets are dumped into hinged chute, which 
covers hoisting compartment when in durpirg position. In inclined shaft sinking 
bucket is lowerod from carriage and clears shaft to dump. 


- 
« 
ee 
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For sinking in quartz slates, eight 55-pound water-hammer drills are 
used with 7/ 8-inch hollow hezazon steel. for sinking | in greenstone, four 4~inch 
and four 33=inch mounted water drills are uséd with Lg~inch Yound lugged steel. 
The 4~inch machines are required in hard, "fitchery" spotse Air and water 
manifolds are uced. <A line oiler is placed: on the air hose of each machines 


Blasting is done with 60 per cent gelatin owder, tamped with clay, 
and fired with electric delay igniters in parallel. (See.fig. 32). Current of 
220 volts, A. C., and 250 volts, D. G. are used. In inclined shaft sinking 
Blasting line is reeled down for each blast. Shaft bottom is blasted in two 
rounds (see fig. 33). Mucking is-done by hand with No. 3 long-handled shovels 
directly into the bucket, 


The steel sets are put in as follows: ~ End pieces and wall plates 
of a set are lung after second blast cf each cut. . In hanging the squares end 
pieces are lowered to bottom, studdle is bolted on, and it is then raised into 
place with block and line;.a man (with safety belt). sits on the last set and 
guides the pieos into place and catches it up with bolt. After several squares 
are hung in this manner staging is used to put in dividers and line sets and is 
wedged with cement sacks filled with concrete. Staging consists of four-30~ 
pound rails, which are hung. by short. hangers: to the set sai wedged, and 
covered with loose plank 7 feet long. Pt 


Bearers of 12-inch I~beam steel are = under eivacens and end pieces 
at aeons intervals. | ‘2 ee 


Ventilation is furnished by 15~hp. reversible fan with 16-inch eal 
venteed iron ‘pipe with stove-pipe joints. 4 


' Shaft work is carried’ on in 8-hour shifts, three shifts per a 
Crew consists of eight men and boss in bottom, brakeman, and lander on Sene 
Average advance is. over 100 feet per month. — 


The greenstone is a hard: dense, eeeae modi The average penetre- 
tion with heavy water-hammer drills is 5 inches per mimte; it is generally © 
uniferm and free drilling. The quartz slates are medium hard. The average 
penetration with medium weight water~hammer machinés is 12 inches per minute. 
They are uniform and free drilling. - Both rocks break well and stand well. It 
is not necessary to keep lining close to the. bottom of shaft. Greenstone breaks 
coarse, slate rock finee No water is encountered in shaft sinking. The water. 
from drilling and leakage from above are hoisted in sinking buckote 
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(See below) 
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SAFETY SWITCH 
This is last connection made before blasting 
ELECTRIC CABLE REEL Cable to lock reel 


Figure 82.—Shaft sinking blasting arrangement 
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Figure $3.— Shaft sinking rounds 
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GREENSTONE AND TIGHT FORMATION 
168 sticks of 60 per cent 
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Figure 37.-Round for 9 by 14 foot cut in greenstone. 
175 lbs. 60 per cent gelatine used per 6 foot cut 


Opening allows for adjustment 
if there is any side movement 


DOUBLE RAISE 
45 sticks 60 per cent 


SINGLE RAISE 
12 sticks 35 per cent 


Figure 38.-Raise blasting rounds Figure 39.- Ye pry set, 8 foot cap 
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Averare _ tine recovd for average cuts in inclined 


am Wortice) g2it sinkings under pentice 
Inclined shaft, Vertical shaft, 
quartz siaves, greenstone, 
average cut, 7025 fte average cut, 6.35 ft. 
cpetevscn | ; Hours Hours: 
Riggins up e..... ere eee ee oe. % lel 1.69 
Drilling oe 409 Tel - 
Blasting weccececescscsecee — — Be6 228 
Vencl atine «ssciwsi sed eex : 20 Qck 
Trimming 10099: bosses es teu 8 1.6 
WUC oe 6G iw Pabuwa oey ° _ 2228 17.3 
PIMDOTINE 106. 4:sies: se Sic ww Ss 8.6 3.3 
| (with concrete lath) (no lath) 
GUnVGIne. w6siecetes cre ease ; = 1.0 
Delays. ec oeeee Scere eseccves ee L.5 . 08 
DUNC. 4.2.44: 54-c64 Souder ee 1.7 1.4 
Putting in rails, runrers,. 
bearing pieces, solers, and 
misc. eee ee ee ee ee ee eee i Ps ee os . 1-0 
Average time to complete cut 46.3 hrse. -. . ++ + 44.0 hrs. | 


Shaft Stations end Eoctets ~ See Ficure 74; 
‘* 2m €xtenauns shafts ‘eaverad Manaeea fcet shaft 


stations aml sect arG partivy excavated before the pentice is removed, so 
that they may be finished later withcut interrantion to noisting. Permanent 
construction is used, not only on account of relatively. long lite, but so that 
stations will not need reoairs after levals are atandonsd. Excavations and con 
struction are done under supervision of engineers. Surface carpenters build 
rorms, and undergrourd labcr completes proces. 
Crosscuts; prizts S - See Figure 25, 
ae a “Single: -track opénings are driven from shaft to small 
ore bodies and throuch. unexolored ground. Tre equipment consists of two drill- 
ing machines with posts, slushor unit, portable slide, locomotive, and one to 
four cars, The stisulated price per foot for labor and explosives is paid for 
finished job, including hauling aivt to shaft and prénaration for track laying. 


Until the ore bodies are reached it is not nracticable to give - 
develovment g.nzs more than one heading: to work ine The most economical results 
are odtained when a definite amount of work can revea*tedly be carried out on 
each shift; the murber cf msn used in a heading to accomplish this depends upon 
the conditions. In single-track slate rock work witnout timber two men can 
drill, blast, and mcx a 5 to 6 foot cute In medium hard formation rock, two 
shifts (two men on shift) are required to complste a 4 to 5 foot cut. In hard: 
formation roc various crews have begn used, the most economical ccmbination is 
to use eight men in four overlapping shifts. Four men are present to move 
@quipment and crill steel to the breast, two men do the drilling, four men are 
again present to rig down, move out equipment, and blast. Two men trim, clean 


Ie C. 6369. 


up fly dirt, move up slide, muck, and move out slide. They also assist in laying 
track. virty: feet per week is average advance uncer Bpe be concitionse 


Where timber is used in medium ground or ore, a shift!s work consists 
of timbering and meking Of eairenr ast crapeang, and blastinge 


Double-track crosscuts, 9 by 14 feet (see figs. 36 and 37) in greem 
stone from ths verticel shaft range in length from 1,600 to 2,000 feet straight 
fromthe shaft. the rock is hard drillins, breaks very coarseée Equipment corm 
Sists of drill carriage for six 4-inch water-hermer drilling machines; a c=car 
unit, 380 cubic feet capacity, with attached slide for lodding; a slusher 
hoist mounted -.on locomotive which hauls the cers; a drill-—steel truck and an 
extra locomotive for hardlinzg drill carriage and steel ‘truck. | 


Seven men and boss make up working crew. Three 8-hour shifts are 
worked per day, the crews relieving each other at the breast. Average advance in 
greenstone was 13 feet per cay in a short run in quartz slate, 23 fset per day. 


re 


Average ins: record for average cut in greenstone 


Average cut, 6.1 ft. 


Operation Hours Mimites 
RiGSing UD cecceccscccereceeesccvecce Oo | 29 
DPI Sc awaswwsehcaedstaes ere 4° 20 
Riering AOWNocccsecseccccccvceeucecs : fe) 26 
BVASUING: 40440 st ease $66 4e see Geees @) 382 
Ventilating o...... cece cence Sere ae 33 
Blasting missed holes .......... sceaie 0 LO 
Trimming, prepertne to sae eee e cance 0 «84 
Mucking ......... ais erayerareaesre tins iar Sie 3 9. 
Track Dose geste etme @) OL 
Lunch ..... Ser ee ee oo 0 15 
Delays o..e.--eeeee eee oe save ae O- 11 
11 15 


Raises - ‘See ereure 358. | | 

Eee Raises in narrow ore bodies are driven on the fdotwall 
without miubides. These. raises are 4 by 5 feet. Ladders are carried 18 inches 
from the foot, and kept closs to top of raise. General practice is to carry 
single raises only bet ween -25-foot sublevels. Headboards and stulls are used 
where necessarye 


Raises in wide ore todies are driven from loading drifts at angle of 
65. These raises are 2-compartment, cribbed with 6<inch cribbing, 4 by 4 
inside. -Hight-foot ladders are carried to top of cribbing; rails are used for 
staging. Head-boards and stulls are regular practice. Small single~drum air 
hoists are used to handle cribbing. Signals (air whistles with pull cord) are 
used in long raises. Signaling by calling ans rapping on Pipes are avenely for. 
bidden. - | | oe | 


eee drilling eee. ‘hand hela. and with feed ieee: are used with | 
auger steel and ” 86-inch eee eae hollow drili steel in ore. Taisese Rock ~ 
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750 G. P. M. pump : ~ Tool room 


Figure 40.— Plan of central underground pumping plant 
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raises are driven usually without timber, the same as single raises in ore, ex- 
cept that hand-rotated wet and dry stopers are used with. w 8-inch hollow and 
1l-inch solid hexagon steel. | 


General 
After the ore body is reached gangs have more than one Beedane to 


work ine [In the development of an ore bedy for the caving method and loading 
cars with slushers without chites the most economical combination.has been seven 
men in a gars composed of six miners and one swamper. The large slushing unit 
is set up, and contract is given the six miners. Five miners drill, blast, and: 
timber on day shift; on nizht shift one miner, with the help of the swemper, 
mucks all the dirt, trams it to shaft, hauls timber, and places it at working 
places fcr day shift mene In soft ground, dowble raises, taking 6-inch by 5 
foot cribbing in 6ach ccrpartuent and drifts taking 14 to-18-inch by 8-foot 
timber, were driven at average cost of $5.50 for labor and explosives. 
Timbering - See arate: 39. 

- All timber is framed on surface under contract. 
Timber is so framed on stood up underground as to withstand both vertical and 
side pressures. Sets are stood at 5—foot centers and closely lagged with 6~ 
foot split cedar. Raises are cribbed with 6-inch round, with 6—inch ; oggle. 


Recular mining timber consists of the run of local woods - hemlock, 
tamarack, and har‘vood, excluding birch. In sublevel caving main level develop~ 
ment of small cre todies, and exploratory work, regular 8&foot mining timber is 
used. In rain-level work in large ore bodies eelect hemlock saw logs, 14 to 24~ 
inches in diameter, are used. In sublevel work in open stopes 7-foot. regular 
mining timber is used. 


All Sains bale haiti openings are timbered, and no work is done under 
exposed back; headboards ars used in drifts end Taisese 


umping - e 4 

SUSRERS = ° ec = - The'total drainage from the property averages approxi- 
mately 900 eo In the low water perisds of eummer and winter abdcut 700 gePeme 
is pumped to surface. This amount iricrease3 to 1000 z.p.me in seasonal periods 
of heavy rain fall. To a considerable extent dikes control the underground 
Water circulation. <Apnroximately three-quarters of tne water is permanently | 
collected from upper Giles and werings, and one-quarter will follow the working 
of the present dikes down. The yorcesity of the ore averages 30 per cent. The 
hanzing~formaticn ore appears to be saturated, whereas there is a small amount . 
of residual water in the foot-formation ore. 


The mine is Jaid out go that the water flows to the central vertical 
shaft. The pumps throving the water to surface are located on the 27th level, 
2,000 feet vertically from surface. Seventy-five ner cant of the mine workings 
are above this level at the present time. small electric relay pumps are ane 
in the lower workings and bottoans of the shaftse 


Tne pum’ ing plant consists.of three 750-gallon, 6% by 24 inch hori~ 
zcntal duvlex pumps, driven by 400—hp., 2,300-volt synchronous motors. Pumps 
and water column are protected by air. chambers and alleviators. Power foed line 
is in duplicate. Discharge column is made uo of three sogisats of pipe, 
hydraulic, extra heavy, and standard, welded into 100/lengths, ‘supported by 
special cast~steel base elbow and reenforced concrete pier. Alternate lengths 


are hung on the shaft sets for support, the other lengths are clamped to sets for 
aliznmente 
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One pump handles water for greater part of the time. In high water 
periods, one pump is run contimously and one part time. The third pum is a 
reserve unite 


The pump room is in greenstone, 28 by 150 by 12 feet high, un- 
Supported. Three coats of gunite were applied to walls and roof. Sump is 18 by 
160 by 12 feet high, divided lengthways by concrete wall for settling and clean 
ing. ie a water storage is provided by water drifts with dams. — 


MINING (STOPING)$SUBLEVEL CAVING METHOD 


After hs ore body is déveéloped, as shown in Mgure 4, the double 
raises are connected 17 feet below their tops, with 8& foot timber drifts. 


The ore body is then ready for mining, which consists of driving 
north or south to the hanging or foot, and "stoping" the side and back pillars 
in retreat. | 


Figures 41 and 42 show the method of taking the ore in retreat. It 
will be noted that the "stopes" on one side of the sublevel crosscut are large 
and those on the other,small. The large "stopes" take down the hogsback above 
as follows:— The side lagzing is removed between two sets, and a light cut 
blasted, care being used to protect the pillar around the caps of the sets. The 
stope is then :.carried up, enlarging the roof as mich as possible without caus- 
ing it to cave before the proper height is reached. The stope nas an inclination 
of 45 to 50° at a right angle to the subd crosscut. At a height of 12 feet above 
the bottom of the stope a "dog hole" is holed into the stope from the direction 
of retreat. This "dog hole" is used ag travel road in the final drilling, which 
is to fan out the opening under the hogsback above. After the ore is drawn and 
the stope filled with cave, blasting is contimed in the cave between the chunks 
to ene out the ore mixed in, in the. caving. 


The determining conditions to which this method of mining is adapted 
are: (a) A dipping and pitching irregular ore body which does not lend itself to 
topslicing. (b) A mediumsoft ore which breaks fine, yet stands well and is 
not free caving. (c) A hard capping which caves in medium sized blocks without 
mich fines, and which is easily controlled. 


The drilling and blasting are mostly by breast stoping on an incline, 
with some slice holes. Auger machines held in the hand or mounted on feed leg 
are used with auger steel and hollow quarter-octagon steel. The ore runs by 
gravity to the sublevel crosscut and is scraped to the raise. Fifteen hp., D. C. 
slusher hoists with 42-inch hoe, and round—back box~type of scrapers are re- 
placing smaller equipment in handling ore from mining places to raise. Every 
raise is a 2compartment cribbed raise, 4 feet square inside. One compartment 
is lined with hardwood plank and used as an ore pass. The other has ladderway 
and timber slide, used also for ventilation, Miners do not leave working 
places for timber but assist in hoisting it to their place with their slusher 
hoist. A sublevel 30 feet above the omain hoisting level is connected with each - 
raise and to the level above by a 22° inclined trackway in the footwall. Timber 
is distributed on trucks from shaft collar to nee Bee 
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Figure 41.- Single-entry sudleve!l siushing with 17 pillars, 
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The ore compartment, of. each ‘Taise is covered. with an 8inch grizzly 
mede of old rails. Oversize cuuris of ore are sledged here. Rock is picked at 
the grizzly, accumulated, and sent out separately. 


MINING (STOFLIG); OVERHAND SUBLEVEL OPEN STOPING 


After the ore oo is ibiaioiie: as shown in Figure 13, stoping pro~ 
ceeds as follows: ~ | <i2 | - 
Beginning of the top sublevel (see fig. i“ the ore is sliced out 
around a centrally located raise on an inclination of 50° with the horizontal. 
At this inclination the ore runs by gravity down the raise. As the cpening is 
enlarged, 10-foot overhand stuss Hules are drilled, chambered, and heavily loaded 
with-60 per cent gelatin powder. The stope holes take at least two thirds of 
the height of the piller, and as the operation is repeated toward the hanging 
the pillar breaks down on the foot, holing through to the open stope above. 
renchod. with overiiand stope holes is carrisd on until the hanging rock is 
reached. 


‘The eoersiten is iieiseiaie asitacal the same raise on the subs below 
until the ore body is divided in two parts, which may be mined each way in re- 
treat. The practice from this point is to retreat with a face slightly sloping 
backward wfrom the stope and diagonal with the strike, the foot side being 
ahead in retreat. The diazonal face taxes advantage. of the. stratification of the 
ore in breaking and cavinge os : } 


At times when the ore body is irregular in width and lacks vertical 
height it becomes necessary to stope into reises at 33 foot centers to maintain 
@ steady production. At such times all stoping is carried on in the manner 
described for opening up an ore body. The determining condition to which this 
metnod of mining is adapted, is a rarrev, irregular ore body, which is firm 
enough to stand well but dangerous to work urder, When undercut. It is necessary 
to relieve the weight by keeping. the back of onenings. arcned at all times. A 
rule, that no one shail enter these stopes without safety belts properly 
attached, is strictly enforced. | _ 


The ore broken by this method contains up to 40 per cent chunks, 
especially the manjaniferous gredes. To facilitate handling the ore on the 
main level, a grizzly is maintainsd on the first sud 30 fest above the level. A 
cmite is batlt above the grizzly to control the flow of ore on to the grizzly 
(see fig. 44). 


On account of smal] amount of timber used no special arrangements are 


made for handling it; the practice is to hoist timber in raise nearest working 
place. 


UNDERGROUND TRANSFORTATION 
Locomotives (Trolley-Wire Bquinment) 
Four 2-ton locomotives are used in short-haul development work. 


Eleven 4+ton- locomotives are used for gathering cars, and short hauls to the 
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shaft. Fourteen 6-ton ‘locomotives are used for long hauls from gathering yards 
to shaft, and for long hauls from ore body direct to the shaft. | 


z 
Cars — See Fisure 45. 


Special cars are used in extensive rock jobs, Two hundred-40-cu.ft. 
round~bottom, rocker-type, side-dump cars carrying 2~1/4 tons are used through- 
out the mine. Cars are fitted with springs, 14-inch chilled cast-iron wheels, 
cast-iron housings, roller bearings, and automatic couplers. Tunis size car was 
chosen as the largest car of this type to be econonicaily used under crushing 
conditions. It prevents spillage along track, is easiiy dumped and cleaned, and 
allows dumping on a grizzly at the shaft, which is necessary when the ore is not 
reduced in the ore body. “et 2 — : 


Ten and fitsen car trains (depending upon haul) are used wheres loading 
conditions are good. YFive-car trains are used wnere loading conditions are poor 
and it is necessary to increase the working force at the chutes. Wen cars are 
gathered for long haul to shaft, 20 to 25 car trains are made up, locomotives 
pulling cars both ways. 7 | | 


Tracks 


Grades are leid at one half per cent in favor of loads. YForty-pound 
rails with welded bonds at 24-inch gage laid on 5-inch ties, 18-inch centers, is 
general practice. Cast-steel frogs, machined switch points, ‘and switch throwers 
with inclosed springs, are used. When gathering is done locomotives pull empties 
into the ore body and push out loads. In this case automatic switch throwers, 
operated from locomotives, are used. - 


Si¢ s 


Both hand and trolley operated signal systems are used underground for 
protection in transportation. Blue lights are used to designate safety zones on 


havlagewaySe . 


‘ 


| A retum signal system, using both lights and horns, is used in hoist- 
ing. 


Loading Cars 


| Two types of clmtes are used. “In the open~stope mining method, where 
the chunks are troublesome, the type shown in Figure 46 is used. Figure 4/ is 
used elsewhere. 


In the large ore body on the west end of the property, where the sub- 
level caving method of mining is used and subsidence is over a large area, 
surface water seéps into the ore body from overhead in both the spring and fall. 
The ore does not get properly dried out at any time and is damp enough to make it 
sticky and difficult to handle in ciutes. Under this condition the ore is 
loaded into cars with 25~hm. slushers and hoe-type scrapers, at a saving over 
chutes in recent loading of 7 cents per ton (see figs. 42 and 48). 
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Figure 46.— Underground loadwg chute 


Figure 47.— Underground loading chute 
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Figure 50. — Underground timber truck, all steel 
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chaft Pockets, Skin Loading Nensures, Siorag sorage Fockets 


To hexane. Be cau ction peaks or eer grades and a large amount of 
rock (10 to-15 per cent of. ore production) storaze facilities have been found 
necessary. Figures 10 to ee (are dravings of latest tynes of shaft pockets, 
storage raises, etce er _ 


Storage raises are inclined at 70° from the center compartments of 
shaft pockets. ‘They are arranged with gates, which :ay.be used to control the 
ore, or be left cpon and allow the ore to be drawn throvzh the pocket to the 
skip measure. in-handling wet ore, an air cylinder control is used on skip 
measure door. Figure 49 shows skip oa in use in versical snaft, wnere hoist~ 
ing is done from several ieveis. 


TRANSPORTATION OF — AND MATERIALS 
apex | 


Timber is nanwee on acs to shaft aot vax piled on skidways, loaded 
on underground timber tucks (see fig. 50). Timber trucks are lowered and 
hoisted in shafts on acuble-deck cages. The trucks being made up with tramcar 
running gear are reacilz:7 portable. From the shafts there are three methods of 
distrioition underground. | = = 


In the laneeat ore body, where pastiecarve, timber is used ena the 
leval interval is 125 feet, an inclined trackway (229) is used to lower the timber 
to a sublevel above the a levele .The timber is wnloaded from trucks at the 
raises and hoisted to wortarg elevations. In medium-size ore bodies, wWnere 
main level interval is over 200 fset, a small cage is cperated to lower timber 
from trucks to intezmediate subleve2s. In snail ore bodies vimber is hoisted 
dirsctly from Se on ‘main hevel to working placeso . 


Drill Steel | pe 
Drill steel is handled in 2-ton racks from the. shop to shaft stations. 
Underground, special trucks are used to serve places using large amounts of 
steel. Augers and helicw steel, for work-in ore, are piled at convenient points, 
and miners carry them to Nolte a ces as they pass. In svecial eee steel 
is delivered. ° ae | : 


Explosives oe _ ae _— ne _ | Bas “22 : 


Powder is delivered. ‘in 2-ton Lots to steel magazines near the collar _ 
of each shafte Under strict regulation. 44 is sent to an underground magazine , 
(seg fig. 51). Part of the vowder is delivered to the miners from the magazine, — 
part of it is called for by them. All powder is issued on order slips from 
foremen and charged to the working place. Caps and fuse are handled in the ‘game 


Way « 
Miscellaneous fuoplies 
Practically everything is handled on the shart cages, except heavy 
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pump peuieae. which is hung under the cage. The cage in the vertical shaft is 
22 feet long. Pipes, plank, etc., may be handled without lifting the bonnet. 
Figure 7 shows chairs on bottom of ad cage operated from within the cage. 


WAGE, CONTRACT, AND BONUS SYSTEMS» 


The mine operates two shifts per day, beginning at 7:00 Belle, eniing 
at 1:00 &eMe, With one-half hour luncn pericds, and one hour between shifts. 


: The schedule of wages in effect stinulates the minimum rate each | 
class of labor is to receive, whether or rot in contract. Development work of. 
all kinds is done on contract. In large rock jobs, such as shaft sinking and 
double~track crosscuts, a flat rate per foct for labcr only is set at the be- 
ginning of the job and remains unchanged. Explosives and other materials are — 
furnished by the company. It has been difficult to give a large mmber of men 
in one contract an explcsive contract. For development in ore and small rock 
jobs prices are set per foot for labor and explesives, the company furnishing 
other supplies. ‘The ground is classified and prices set ere to the type 
of ground. Slight variations in ground are nct recognized. 


In brealcting ore, a flat rate 10 per cent above minimum or company ac 
count rate is paid. Special arrangemen‘ts are made to give this work close super 
vision which, together with the 10 per cent bomus, is depended upon to get : 
satisfactory results in extraction and efficiency. 


VENTILATION 


Naturel ‘ventilation provides ‘sufficient circulation throughout the 
mine. In the winter an excess amount of air tends to flow through the mine; in 
the hot months of the summer there is a slight shortage gt the west end of the 
workings. The central shaft is downcast, the two other shafts are upcast. 
Circulation is controlled by mechanically and hand operated ventilating doors. 
Two 5 and 15 lp. D.C. and A.C. fans are used with 12 and 16 inch flexible and 
metal Mens to ey air to working places. 


| FIRE HAZARDS 


The principal fire hazards appear to be defective electrical con- 
struction and open lights. Special effort is made to conform to approved 
practice in electric wiring, and all current is shut off from underground 
workings between shifts. The three shafts are wet, and two of them are practi- 
cally fireproof. All shaft stations are fireproof. There is no timber between 
the shafts and the footwall. ‘The Immidity is high underground, and damp con~ 
ditions prevail. There are no thoroughly dry places.on the property. Fireproof 
construction is vsed in all pump. rooms, workshops, powder houses, etce Smoking 
is prohibited at timber-distributing points. Old levels are sealed off from . 
each shaft, and working levels have fire doors by which the air currents may be 
controlled. An ethyl mercantan feeder is placed on the air line to give special 
warnings to all underground men in case of fire or other emergencye Coda ash 
extinguishers are maintained at shaft stations. Carbon tetrachloride extinguish- 
ers are kept in pump houses, converter rooms, powder houses, and two in each ore 


fiw 
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body. Provision is made: to,turn air lines into water lines at each shaft. One 
hundred~foot reels cf fire hose ave located on working levels. 


| Five sets of McCaa 2hcour oxygen apparatus, and brattice material, are 
located on surtac3 at the central shaft. Ten £ll-Service gas masks are dis~ 
tributed over the property. Six ivlly trained teams are maintained for fire 
fighting, Names of. trained men and simple directions to follow in case of fire 
are posted. Training as oatlined by Bureau of Mines is given. This work is 
intensified by the bureau itself every. yéar. or: two. At the last visit of the 
bureau training car an underground. fire problem was worked out. Over 40 men, im 
cluding part of the supervising force, participated. ee 


SATETY MuTHODS AND FIRST-AID ORGANIZATION AND TRAINING 


The management of the Montreal Mining Co. has been making special 
efforts to promote accident prevention on the property for several years. To 
this end a general safety conference is held each month, attended by repre- 
sentatives of the mines under Oglebay Norton & Co, management. ‘The mine repre~ 
sentatives consist of safety engineers, department foremen, mining captains, 

and superintendents. At these meetings the individual gets the attitude of the 
management, there is an interchanz3 of ideas, umisual accidents are discussed, 
and practices are established as etandard. Comparative records of the different 
properties are kept and a trophy rewarded for tne best record. <A friendly .. 
rivairy has dvelopsc. On the property, a safsty engineer, assistant engineer, 
and threo inspectors, spend their. full time in the various phases cf accident 
prevention work, To assist the safety Cepartment.in their work, various 
paca have been uséd. At present the follcwing methods are in ef~ 

ect; pe : - | 


A general safety committee, composed of safety men, department heads, 
Mining captains, and superintendsnts, mests eaci week, The regular order of 
business includes review of accidents and "near accidents; reports of in- 
spections made of the mine, equicment, safety devices, and cleanliness; progress 
reports on jobs pertaining to accident prevention; suggsstions; and review and 
discussion of standaxd operating practices. <A superintendent presides, and the 
safety department records the proceedings. Matters at thess meetings are not 
assigned to department heacs or committees. fuggestions are discussed;. they are 
later taken up by thse safety departient for investigation aml recommendation, and 
are handled like any other business on the property. 


A foremen's meeting is held once each week for urnderzround foremen, 


and bimonthly for surface foremen. The underground foremen are divided into 
three groups, representing three terrivories underground. Details of safety work 
are discussed, but the main object of these meetings is to educate the foremen 
in safety work. Employees? meetings are held periodically underground and in the 
change house. Snort talks are given by members of the supervising force and 


emoloyees. 


An eluborate system of bulletins is maintained on surface and unde r- 
groundil Bulletins are furnished by the safety department, the National Safety 
Council, and a commercial service. 
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Public safety meetings or "get-togethers" are held each month during 
the wirlter. The program consists of entertainment, safety picture, and safety 
talk. In addition to disseminating information and maintaining interest in a 
general way, the. safety department makes special effort to keep in personal con- 
‘tact with the men. A rigid system of inspection is maintained. Analytical 
records are kept. Infractions of safety rules are met with disciplinary 
measures from a spécial committee. Rewards are given for good records. - 


The inspectors have been of especial help in education, by reading 
and discussing the rules governing ae work of all classes of labor in small 
groups on the job. 


The following protective clothing is compulsory ~ goggles, gloves, 
hard=toe shoes or rubbers, hard-crowned hats. ‘The a furnishes goggles, and 
part of the cost of hats. | * 


Since the adoption of the foregoing intensive methods of safety pro= 
motion, there has been a marked decreass in both the frequency and severity of 
accidents, and the attitude of the man has entirely oraner toward accident pre~ 
vention works , 


First Aid 


First—aid training, as outlined by the Bureau. of Mines, is carried on 
re gularly in winter months... The supervising force and 15 per cent of the work 
men have been kept trained in small groups. Tie Bureau of Mines recently trained 
the men very successfully in large grouns. Under this plan, training for all 
employees is contemplated. Special training in artificial respiration is given 
rescue men and electrical workers. All underground foremen carry pocket first~ 
aid kits for abrasions. Complete emergency kits, consisting of antiseptics, 
restoratives, bandages, splints, blankets, ard stretcher, are readily available 
at each shaft. Ambulance service to a near-by hospital is maintained day and 
night. Two doctors reside at the property. 7 


8241. se DD as 


“Tes 


° eS eS 


*SuTysfoy exo JOF semod mee4ys sopnTouyt 
Bg -“*SUTUTM pue yueurloTeaep 
UF pesn JequtT, J[O 4sSOO sOpnTOUT 4yunodoe FuTs9qutTy 
*suTUSNTS JO 4800 Jemod sepnTouy 
uoTyeredo Jo 4yUN0D0e UT pepntTouT wotTstTaszedngs 


90° - - qgueuloTeasp yoor pesrseyeg 
642 °T 120° 090° £60° OST’ T60° Cp0" | (99k BTeYOL 
040° 600° ~ - - = = 190° eTqvesreyy 
esuedxe eoesang 
68T 200° - - gt () - - 220° SUT 4STOH 
e ® ee aw ; e 6 e ( ° $1908 ‘osTu ‘uUOF4 
, £80 800 L2°0 6T0 = £20 ( -etyquea ‘Suydumg 
yee" * g00°  090°0(f) - 200° - - (tT) -6pT° Tereusp 
$ SUT LOQUyT | 
- GCT° GZO" - = - 600°0(2) = (T) a UOT 724 .1OdsUeLy, 
$ | 
- 092° 020° -  - 90° = 020° Gs0° vee" cuTUth 
wAte 200° - P10" - £40° 00° 7S0° HOOI ul 
- £20°0 g00'0 ~ = T10°O ~ = 600°0 700°O - TS0°0 eto ul 
aoe $ $ . . g $ $ queuxloTeacg 
Tero, «+ ‘ddng ; SOATS 4809 [e948 [ttzp UOTSTA ” roqeTy 
“OST JequTy  -oTaxT Ie“0g ‘STt{fiIp ate -zedng 
‘ate ‘dmg 
SUZASSD TEASTQNS — poujow Zuputy 
Q00'OSP spotazed Sutanp peystoy eo suo4 Suoy 
826T Teal i:petaaog potsed qFeug 7 “ON ~ SUTM FO Tequny 
$5800 £0 AuVWINS > 1 WIavE 6929 °0°T 


as . @e : . 


—— . a The. 


“mC y{wIaES ze ia uy pepnteur,, uC TS FAr9 ts (T) 


90° | a i - - qUSstIcOTaaap 40x pezrejsc 
ost*t 040° i kh a 
090° - .. SQ0° - . - ~ -. oo ve aoe “= “COs hs Gab: Mar ec nara) 
Cae ots | . ee : Peet a3 Pe Suite esua.xe soRrINS 
SCT* . = 610° a - es eo, 6S0° , - bate h -..: O2G el: PUTIS YOR 
g0oT° - 600° - - = . keo* O20" = - .. OFO* --- (°s4008 "ost: “UOT. 
(we Ttqwea Sutin, 
HOF -- HOCT = £090 200%. = F (T) .- SHO": Pup IOquUTy 
és 
O2t*:  Gto° | os a OT0°0 — (tT) . S60°°.. a See 
a Oe ee 
¢ | 
GG2° 110° 7 610° - "oto Lio ST auyaye2 tad 
are i re i as ae ae, 7s a eg sopnypoul j: 
SUyUTH 
e9t* es “200° > % = @ <gsT6*= [=m gGo* 600° 310° — soon UY 
Go2°0.. 20040 ee - exete ISO Onea5s cua on CeO Ori. =, a2 hOOO eC T*O. & &. Qr0 UT 
$ $ mn $ — $ $ ¢ jueudoTeseq 
Tez OL *cang equity SOaTts 4509 T9938 T{tzp UOTSTA LOQeT . 
+ OST ~OTOxg rea0d 8 ‘“stItzp xzye IIONg = eS oe Oe 
‘xrTe *cm0) | 
2uytaoys ugdo. pueyzao. Teaotang = ‘estaon Bereta, : . 
000°Of9 + > popzed ZUyINp pexysfFou 610 Su04. FuOT. 2 
Bool Teoh tperea0p poysed  —§syyeus 9 F iy “SON —. OUT} FO Tequmy 


S“~SOD GO ABVNINS- W-T WIGVE 


I. C. 6369. 
ae - SO OF COSTS 


ay Wits oF ibe 302, PO 2, SUPPLIOS 


oes +a 


Number of Mine » Wo. 4 Short Period Covered: Year 1528 
Long tous ore hoisted during neriod:. 450,000 
Mining method =~ Sublevel cavinz 


Develom 7 Tiuber-~ 


: | ei cat Mining ing Total 
a. Iebor (san-hours ner lon: ton) 

Breaizing (drilling and blasting)” 0.031 0.176 - 0.257 
‘Tinbering (in worlzinz place) .045 074 ay .119 
Miucicing 622 102 es 124 
Heulage i .011 .£10 - 221 
Timbering (cencral) se ~- 0.258 .258 
Purpins, venwereurey misc. accts. . O31 O31 ~- O62, 
Supervision :GOY: »C45 - .054 
fois ting -017 -116 - » 133 
surface labor - ehaeeeahie ~ 006 089 O22 108 

Total underground &'surface labor 
Chargeable to underground accts. »222 . 634 »250 1.236 


= Develovers tram own ore to larse extent. 


Average tms. per man per shift 5.98 
Labor vercentazge of totsl cost 65 
- Power and suvplies | 
Explosives (lbs. per long ton) 196 — .394 ~ . 59 
Kind and grade , 35% aud 60% L.F. Am.Gel. 
Timber (b.m.) 2.76 
Power (kw.h. ver lonz ton) 
Air compression 3.31 
Punving 1.80 
Hoisting (cage) .62 
EFaulage, Sslushing, lignting OL 
Total-~ 6.24 
Steam i ieee vl (ibs. per lonz ton) oa Se 
Cre hoisting 032 
Otner supplies in per cent of _ 
total sunvlies and power 17.1 
¢. Percentese - total cost = -- 15.7 66.8 17.5 100.0 
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TABI ae SuMARY 07 COSTS 


IN UNITS OF LABCR, POWSR R,_ SUPPLIES TES 


Number of Mine ~ Nos. 5.& 6 Shafts 


Long tons of ore wined and hoisted: 630,000 
Mining method » Sublevel overhand onen stoping 


Period Covered: Year 1928 


Develoo~ Timbe r— | 
ment Mining ing Total 
a. Labor (man-hours per long ton) | 
Breaking (drilling and blasting) 0.155 0.192 ~ 0.347 
Timbering (in working place) 055 = w 0055 
Mucking ® 090 e 024 ras 0114 
Haulage 0043 oLdl on 0174 
Timbering (general) - a 0.078 078 
Puming, ventilation, mMisCe accts. « 040 e035 ~ 0075 
Suvervision e024 025 om 047 
_ Hoisting ~ | 037 e110 - 147 
Surface labor, chargeable » 080 007 005 » O92 
Total underground and surface labor 
chargeable to underground acctse (2524 eoce =e OBS 1.129 
Average tons per man per shift 7208 
Labor percentage of total cost 63 
be Power and supplies | so 
Explosives (lbs. per long fon) © 36 «49 - 085 
Kind and grade 35% and 60% L.F. Am.Gel. 
Timber (bem) 1.65 
Power (kv.h. per long ton) , 
Air. compression — 4.60 
Pumoing 2282 - 
Hoisting 46 49 
. Haulage, slushing, lighting | » 70 
Total- 12-61 - 
Other supplies in per cent of 
total supplies and power 16.1 
ce Percentage ~ total cost 31.6 60.3 ~~ 861 100.0 
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Figure 51.- Underground powder house 


